Abstract -Based on a literature survey and the identification of all available collection material, a checklist and distribution maps for the caddisflies occurring in Flanders were prepared. Of the 126 species that have been recorded, 16 are now extinct in Flanders, while the majority of the remaining species is rare and their populations are often vulnerable due to isolation. Caddisflies only occurred at high oxygen levels and relatively low conductivities and three species assemblages could be recognized. A first group of species lived in stagnant waters and those species tolerated slightly lower oxygen concentrations than species characteristic for running waters. In streams of the Campine region, which are characterized by a low pH and a low conductivity, a second group of species was found. The last group of species mainly occurred in the loamy region, where pH and conductivity are higher. Running waters in other ecoregions mainly contained ubiquist species and did not possess a characteristic species assemblage. Despite the fact that the ecological water quality in Flanders slightly increased during the last few decades, the ecological water quality of most waters is still too low for caddisflies. According to the European Union water framework directive, a good ecological water quality should be obtained in all surface waters. Additional measures to improve the water quality are necessary in order to obtain sustainable populations of the caddisfly species occurring in Flanders.
Introduction
Due to habitat destruction and degradation, pollution, flow modification and invasion by exotic species, fresh waters are experiencing declines in biodiversity far greater than those in the most affected terrestrial ecosystems (Sala et al., 2000) . Although some industrialized countries have made considerable progress in reducing water pollution from domestic and industrial point sources, threats from excessive nutrient enrichment are still growing (Smith, 2003) and the number of alien species keeps increasing (Messiaen et al., 2010) . Also in Flanders, river management has until the present mainly been conducted at the river basin level by installing wastewater treatment plants and imposing standards for effluent concentrations. Although these measures have already resulted in a significant improvement of the chemical and ecological water quality since the 1980s (VMM, 2010) , most Flemish water bodies still lack the good ecological status which the European Union Water Framework Directive (WFD) requires by 2015 (European Council, 2000) .
In order to assess the ecological water quality, the use of biotic indicators (macrobenthic fauna, fish fauna, phytoplankton, phytobenthos and macrophytes) is required by the WFD. Until recently, the Flemish Environment Agency used the Belgian Biotic Index (BBI) to evaluate the ecological water quality based on the occurring macro-invertebrates (De Pauw and Vanhooren, 1983) . In order to meet the requirements of the WFD, the Multimetric Macroinvertebrate Index Flanders (MMIF; Gabriels et al., 2010) was developed, which is a type-specific multi-metric index consisting of five equally weighted metrics: taxa richness, the number of EPT taxa (Ephemeroptera, Plecoptera and Trichoptera), the number of other sensitive taxa, the Shannon-Wiener diversity index and the mean tolerance score. In both the BBI and the MMIF, caddisflies are indicated as one of the most sensitive groups of macroinvertebrates, which are characteristics of waters with a high ecological quality.
Nature conservation policy in Belgium is the responsibility of the regional governments (Flanders, Brussels and Wallonia) and a regional scale is thus appropriate to perform faunistic studies or to develop red lists. Flanders, which is the Dutch-speaking part of Belgium, has a population of 6.2 million inhabitants and a high population density of 456 citizens/km 2 . About 88% is connected to a sewage system, but only 70.3% is actually treated (VMM, 2009) . Flanders is also heavily industrialized and the agriculture causes a heavy pressure because 53% of the land is used for (mainly intensive) agriculture (VMM, 2009 ). In addition, thousands of weirs have been built for flood control, hundreds of kilometres of artificial banks have been installed and the majority of the river channels have been straightened. At the moment, most attention is focused on the watercourses with the poorest water quality. Ameliorating water quality from bad to poor or moderate will, however, not help populations of sensitive organisms such as caddisflies. Priority should be given to the protecting of sites that still have a high water quality and intentional interventions are needed that are directed to the connection of isolated populations by solving the bottlenecks that prevent the necessary expansion of the remaining populations. Ecological models could be useful for the assessment of these bottlenecks in the river basin and could promote an efficient allocation of restoration efforts (Mouton et al., 2008) .
Although caddisflies are known as sensitive indicators of the water quality in stagnant as well as running waters, they hardly received attention in Flanders. Knowledge about their distribution could help to set priorities in water management because waters containing rare species or a high species richness deserve priority in nature conservation. Here, a checklist of the caddisflies occurring in Flanders is presented, distribution maps for all species are plotted and habitat suitability is investigated by assessing under which circumstances different caddisfly species can be found.
Materials and methods
All available Trichoptera from Flanders and Brussels ( Fig. 1) were identified to species level using the identification keys by Lechthaler and Stockinger (2005) for larvae and Malicky (2004) for adults. Most collection material was present in the Royal Belgian Institute for Natural Sciences, where the samples of the Flemish Environment Agency are also stored. In the context of water quality monitoring by the Flemish Environment Agency, macroinvertebrates have been sampled at several thousand sampling points since 1989. Water quality monitoring is focused especially on running waters, whereas stagnant waters are underrepresented. During monitoring, macroinvertebrates are sampled using a standard handnet, as described by Gabriels et al. (2010) . A stretch of 10-20 m is sampled for approximately 5 min. Sampling effort is proportionally distributed over all accessible aquatic habitats. This includes the bed substrate (stones, sand or mud), macrophytes (floating, submerging and emerging), immersed roots of overhanging trees and all other natural or artificial substrates, floating or submerged in the water. Each aquatic habitat is explored, in order to collect the highest possible diversity of macroinvertebrates. For this purpose, kick-sampling is performed. In addition to the handnet sampling, animals are manually picked from stones, leaves or branches. At each sampling point, conductivity, pH, oxygen content and water temperature are measured. As the highest point in the study area has an altitude of only 288 m, the whole region can be considered as lowland.
To analyse the distribution and the ecological preferences of caddisflies, literature data as well as all available data from collections and the water quality monitoring data from the Flemish Environment Agency were brought together in one database. In addition, about 50 field trips were carried out during the last 2 years to collect missing data. However, only the monitoring data of the Flemish Environment Agency could be linked to environmental variables. A direct gradient analysis was applied to determine which environmental parameters might be responsible for the differences in species composition, since environmental variables were explicitly incorporated in the analysis. To test whether a linear or unimodal method was needed, a Detrended Correspondence Analysis (DCA) was performed. Since the Length of Gradient (LoG) was greater than four, a unimodal method was needed and therefore, the Canonical Correspondence Analysis (CCA) option from the program package CAN-OCO (Ter Braak, 1988) was applied. A log-transformation (log (x + 1)) was applied prior to the CCA to normalize the data.
Results
More than 60 000 caddisflies were identified during the present study, which represented 8315 records. Of the 126 species that were recorded for Flanders and Brussels Caddisflies were usually found in waters with high oxygen content and were rarely observed in waters with oxygen content below 6 mg.l x1 (Fig. 2) . Caddisflies also did not tolerate high conductivities and were hardly found at conductivities above 1000 mS.cm x1 . Most species occurred in waters with a circumneutral pH, but species that were restricted to the loamy region, such as Hydroptila vectis, mainly occurred in waters with a higher pH (Fig. 2) .
In a CCA (Fig. 3) , pH explained most of the variation along the first axis, which had an eigenvalue of 0.23. Conductivity and oxygen content explained most of the variation along the second axis, which had an eigenvalue of 0.09. Species in the upper half of the plot were mainly species from stagnant waters, which were characterized by a relatively high conductivity and relatively low oxygen content (Fig. 3) . The lower left corner of the plot contained species from the running waters in the loamy region, which were characterized by a high pH, a relatively high conductivity and high oxygen content (Fig. 3) . The lower right corner contained species from the running waters in the Campine region, which were characterized by a lower pH and very low conductivities (Fig. 3) . Species from running waters occurring in several ecoregions were plotted more towards the centre of the plot.
Discussion
No endemic species are present in Flanders or Belgium. Most species recorded in Flanders have a West Palaearctic or even a Transpalaearctic distribution. This type of distribution is typical for lowland aquatic invertebrates. Using the categories proposed by the IUCN Species Survival Commission (IUCN Species Survival Commission, 1994) and adapted for Flanders (Maes and Van Swaay, 1997; Maes et al., 2003) , the caddisflies were divided into categories according their rarity. Of the previously reported 126 species (Tab. 1, supporting material), 16 species are probably regionally extinct in Flanders since these were all not observed since 1950. However, some stagnant water species of the genera Anabolia, Hydroptila and Limnephilus might have been overlooked, because their habitats have not been sampled intensively. Of the remaining species, 63 are very rare and occur in less than 2% of the 5 r 5 km UTM squares, 16 species are rare and occur in less than 5% of the squares and 26 species are fairly rare as they occur in less than 15% of the squares. Only 5 species are not rare in Flanders: Ecnomus tenellus, Glyphotaelius pellucidus, Hydropsyche angustipennis, Limnephilus lunatus and Mystacides longicornis. A lot of caddisfly species in Flanders can be considered endangered and the populations of some species are especially vulnerable since they are restricted to springs located in isolated forest remnants. Species that are restricted to large streams, such as C. annulicornis and C. lepida, still do not stand a chance in Flanders. Among river macroinvertebrates, only stoneflies seem to be worse off, with barely one species present in more than 10% of the squares (Lock and Goethals, 2008) .
In the present study, three assemblages of caddisflies could be recognized: species occurring in stagnant waters, species from running waters in the Campine region and species from running waters in the loamy region. The sandy region and especially the polder and the dune area only contained an impoverished caddisfly fauna, which mainly consisted of ubiquist species. Recently, Gombeer et al. (2011) sampled Trichotpera in 41 Flemish streams with a stream order j 3 and observed 34 taxa, half of which was only captured at one site. As in the present study, they also found that stagnant waters differed in species composition from running waters. In addition, four clusters of running waters were recognized, which were reported to mainly differ in stream size (Gombeer et al., 2011) . However, this separation is probably artificial due to the low number of sites because in the present study, differences between ecoregions were found to be much more important than stream size. Caddisflies are reported as sensitive species , which could be confirmed here as all the species were largely restricted to waters with an oxygen content above 6 mg.l x1 and a conductivity below 1000 mS.cm x1 . Whereas mayflies (Ephemeroptera), which is another order of sensitive aquatic insects, contain several species in the families Baetidae and Caenidae that are relatively tolerant (Lock and Goethals, 2011) , this is not the case for caddisflies in Flanders, despite the much higher species diversity in the latter order.
As the network of the Flemish Environment Agency is very elaborate, it can be assumed that the maps give a good idea of the present distribution of the mayfly species occurring in running waters. However, less information is available about the species living in stagnant waters because these types of waters are not monitored routinely by the Flemish Environment Agency. Some stagnant water species, such as those of the genus Limnephilus, might therefore be more common than indicated by the distribution maps. Despite this limitation, the Flemish caddisfly fauna was found to be very similar to the one observed in the Netherlands (Higler, 2008) . However, the caddisfly richness in the south of Belgium (Stroot, 1984) and in the Grand Duchy of Luxembourg (Schrankel et al., 2008) is much higher, which can be related not only to a lower human impact but also to a more diverse geomorphology. The effect of climate change is expected to be of much lesser importance on stream macroinvertebrates than the effect of future land-use change (Verdonschot, 2009 ). Based on species traits, the proportion of caddisfly species threatened by climate change is expected to be less than 3% in lowland ecoregions such as Flanders (Hering et al., 2009) . This was explained by the fact that species that colonized northern Europe after the Pleistocene have generally a large geographical range and are mainly generalists with a high dispersal capacity, which are therefore expected to be able to cope with climate change impacts. In Flanders, Hagenella clathrata, Ironoquia dubia, Limnephilus elegans, L. politus and Molannodes tinctus can be expected to disappear in a global warming scenario, because they reach their southernmost distribution edge in or close to Flanders.
Conclusion
Of the 126 caddisfly species that have been recorded in Flanders, 16 became extinct, while many of the remaining species are rare. A majority of the waters in Flanders still do not contain any caddisflies since these sensitive aquatic insects only live in waters with a high oxygen content and conductivity that is not too high. It can only be hoped that the WFD will encourage Flanders to undertake the necessary steps to achieve an ecological water quality that is sufficient to support sustainable populations of sensitive aquatic invertebrates such as caddisflies. 
